U nstable slipped capital femoral epiphysis (SCFE) is characterized by sudden and severe hip pain with inability to bear weight, even with crutches. 1 Early identification is crucial not only because of the prognosis, but also because of differences in the treatment when compared with a stable SCFE. Osteonecrosis of the femoral head is the most dreaded complication associated with an unstable SCFE. It can have long-term devastating consequences to the quality of life of patients. 2 It has been estimated that up to 60% of patients with unstable SCFE will develop this complication. 3Y8 Several reports recommend urgent fixation of the unstable physis and performing an arthrotomy to decompress the hip joint. 7Y9 The combination of urgent reduction combined with an arthrotomy has decreased the rate of osteonecrosis to 13% or less in some series. 7, 10 An arthrotomy potentially decompresses the hematoma from the hip joint found in these children. 9, 11 In the fracture literature, hip joint pressure has been shown to be increased after a femoral neck fracture. 12Y18 However, it is unknown if intracapsular pressures are indeed elevated in unstable SCFE.
To the best of our knowledge, there is only one report, on a single patient, documenting hip pressure after a traumatic SCFE. 16 High pressures were only noted after manipulation of the slip in that report. We believe that unstable slips behave like an intracapsular hip fracture with intraarticular bleeding. We hypothesize that the hip joint pressure will be increased in unstable slips, confirming that emergent treatment and decompression are warranted. This may be an important etiologic factor in the development of osteonecrosis. Furthermore, we hypothesize that gentle reduction will cause an increase in the intracapsular pressure, similar to the findings seen in femoral neck fractures.
12,14Y20
The purpose of our study is to determine the intracapsular pressure found in the hip of an unstable SCFE. We will attempt to determine if there are differences based on the severity of the slip, which may explain the increased rate of osteonecrosis associated with slip severity.
3,4,21Y23

METHODS
This is a retrospective study with institutional review board approval. It encompasses all patients with unstable SCFE treated at our 2 institutions by a similar protocol. Enrolled patients included those patients who underwent hip pressure measurements before treatment of unstable SCFE, according to the Loder classification.
1 Exclusion criteria was for those patients who did not consent or did not undergo the protocol for intraoperative hip joint pressure measurement (n = 3), and any patient with allergy to the radiographic contrast. The medical record was reviewed to determine the sex, the age at the time of surgery, and the time from the injury to that of fixation. We also evaluated intraoperative data for blood pressure, mean arterial pressure (MAP), hip pressure measurements, type of procedure, and number of screws placed. The surgeries included in situ pinning of 6 hips, and gentle reduction and pinning of 5 and 2 hips that underwent surgical dislocation with femoral neck trimming and anatomical fixation (Table 1) . Seven hips in our group were treated with 1 screw, and in 6 hips, we used 2 screws for fixation.
The hip pressures were measured before capsulotomies in all (Fig. 1) . The same measuring protocol was used on all hips. Informed consent for both procedures (arthrocentesis and slip fixation) was obtained for all patients. The patients were placed supine on either a flat radiolucent table or a fracture table, depending on the attending surgeon's preference. The surgical dislocation patients were positioned in the lateral decubitus position. Six patients underwent arthrocentesis of both hips under anesthesia to measure the hip capsule pressures on the nonaffected side.
We used a side-bored needle to ensure adequate measurements. The Stryker needle system is one we are familiar with and is available in the operating room. 24 The needle was attached to intravenous tubing, and the measurement was made using the arterial line pressure monitor. Two pressure measurements were done to verify results and measure technique reproducibility. Most of these measurements were performed through a medial puncture. The attending orthopaedic surgeon performed all of the measurements. The anesthesia personnel recorded the hip pressure measurements. Routine intraoperative blood pressures were measured during the procedure as well and recorded. We collected both the MAP and the diastolic pressure per anesthesia protocol. We compared the affected hip with the uninvolved one, using the uninvolved as a control.
The capsule was opened percutaneously if the hip pressure on the affected side was greater than 30 mm Hg and if joint pressures were 75% of the MAP or less than 20 mm Hg difference from the diastolic pressure. We percutaneously slide a key elevator through the anterior aspect of the capsule to the midportion of the neck. This is corroborated with fluoroscopy. The pressure needle was left inside the hip joint in cases where gentle manipulation and partial reduction were attempted (n = 5). Postreduction pressures were also documented (Fig. 2) . A final measurement was taken to document pressure relief after the arthrotomy was performed in all patients (Fig. 3 ). We will consider the 2 hips with surgical dislocations as having an intracapsular pressure of zero after the decompression.
Radiographs of the pelvis were evaluated to assess the affected side for slip severity based on the Southwick criteria. 25 When sufficient follow-up was possible, radiographs were assessed periodically. We documented any osteonecrosis that developed at the latest follow-up.
RESULTS
A total of 12 patients (13 hips) with unstable SCFE were investigated (Table 2 ). There were 8 boys and 4 girls. Their mean age was 12.4 years (range, 10.5Y14.4 years). The mean follow-up was 19 months (range, 9Y36 months). Two patients were lost after 3 months of follow-up. In total, 19 hips (13 affected and 6 uninvolved hips) were investigated, and the pressures were documented.
Unstable SCFE Pressures
The mean hip pressure for the 13 unstable slips was 48 mm Hg (range, 32Y65 mm Hg). The average MAP at the time of the procedure was 65 mm Hg. The mean diastolic pressure for all unstable SCFEs was 44 mm Hg. Seven of 13 hips had a hip pressure greater than the diastolic blood pressure, averaging 12 mm Hg greater (range, 3Y24 mm Hg). The remaining hips had pressures within 10 mm Hg of the diastolic pressure. The hip pressure was on average 74% of the MAP (range, 56% to 86%; Table 2 ). The pressure difference between measurements on the same hip was within 4 mm Hg in all instances.
Eight hips were treated 24 hours or more after the injury. Most of these patients were delayed because of transfer transit time from other facilities or a delay in diagnosis. The mean duration of symptoms before fixation was 39 hours (range, 9Y120 hours). There was no correlation between duration of symptoms and increased hip pressures (P = 0.6). Nine hips were graded as severe slips, 3 moderate, and 1 mild. There was no correlation between slip severity and the magnitude of the hip pressure (P = 0.72).
The mean pressure postcapsulotomy was 17 mm Hg (range, 0Y44 mm Hg). The difference between precapsulotomy and postcapsulotomy capsule pressures was statistically significant (P G 0.0001). Only 1 capsulotomy did not seem to decrease the pressure in the joint despite several attempts. The capsule was released with a joker elevator rather than a key elevator, which was used in the remaining hips (see Complications section).
Seven hips underwent postoperative bone single-photon emission computed tomography (SPECT) to evaluate femoral head viability between 3 and 6 months postoperatively. Only the patient who broke the screw and reslipped demonstrated osteonecrosis (see Complications section). Two patients underwent magnetic resonance imaging after screw removal for radiographically evident osteonecrosis with obvious head collapse.
Gentle Reduction and Pinning
Five hips underwent hip repositioning, which consists of gentle internal rotation and hip extension. However, a sixth patient with a moderate slip was reduced clinically (no external rotation of the affected leg) before positioning him in the radiolucent table. This was confirmed in the radiolucent table with a reduced head on fluoroscopy (mild grade). The mean hip pressure before reduction was 45 mm Hg. After the manipulation, the hip pressure increased in all. The mean hip pressure after the reduction was 75 mm Hg. This represents a 67% increase from prereduction levels and was statistically significant (P G 0.002). After the manipulation, all the hips improved at least one Southwick grading scale (Table 3) .
Uninvolved Hip
A total of 6 uninvolved hips were measured ( Table 3) . The mean pressure on the uninvolved side was 23 mm Hg (range, 15Y34 mm Hg). The difference between the affected and unaffected hip was statistically significant (P G 0.0001). All uninvolved hips had pressures less than diastolic, averaging 19.8 mm Hg less (range, 8Y48 mm Hg). The unaffected hip was on average 38% of the MAP (range, 16%Y52%). The hip with the 34Ymm Hg pressure was not opened because there were no symptoms or evidence of a slip. The 
Complications
At the latest follow-up, a total of 3 patients developed osteonecrosis in less than 6 months postinjury; 2 with a severe and one with a moderate slip. The moderate slip (clinically reduced patient) underwent capsulotomy at 13 hours postinjury, and the severe slips underwent the procedure at 9 and 48 hours. Their mean pressure on the involved hip was 38 mm Hg. The third patient who developed osteonecrosis walked on the affected leg within 6 weeks of fixation with two 7.3-mm cannulated stainless steel screws and had a fracture of 1 screw and progression of the slip. He required surgical dislocation for fixation of the head and screw removal. Bone SPECT was performed before the dislocation and demonstrated femoral head ischemia. Four of the severe slips were treated within 24 hours without developing osteonecrosis on SPECT scans.
The patient with bilateral SCFE developed segmental ischemic changes at 3 months postinjury on both hips. This patient also developed a progressive slip that required a second screw and also developed chondrolysis on that side. A followup SPECT revealed normal bilateral perfusion of both femoral heads at 6 months postsurgery. This was confirmed also on radiographs. None of the other patients developed progression of the slip, chondrolysis, infection, or fractures related to the hardware. There were no complications from the arthrocentesis on the unaffected hip.
DISCUSSION
Intracapsular hip pressures are increased after traumatic femoral neck fractures.
12,14Y20 Increased intracapsular hip pressure is a known etiology for osteonecrosis in femoral neck fractures in children. 14, 17, 26 The recommended treatment is therefore to perform a capsulotomy to decompress the hip joint. 16, 20, 27 It has been shown that hip decompression in the case of intracapsular hip fractures decreases the incidence of osteonecrosis by a factor of 5. 28 However, osteonecrosis has been identified after capsulotomy. A similar scenario may occur during unstable SCFE. 7 Patients with unstable SCFE present with similar complaints and physical findings to those with intracapsular hip fractures with severe pain, external rotation, and inability to bear weight. 1 As shown in our series, unstable SCFE hips also present with increased intracapsular pressure.
It has been estimated that up to 60% of patients with unstable SCFE will develop osteonecrosis. 3Y6 Several theories exist as to why this happens and what can make it more prone to occur. They include vascular tamponade caused by intraarticular bleeding, 8, 29 epiphyseal vessel disruption at the moment of injury, any attempted reduction, 3, 21, 30 and vascular kinking (compression) of the retinacular vessels at the level of the metaphyseal spike. 31 Reduction of the slip has also been identified as a possible risk factor. 3, 22, 32, 33 Tokmakova et al 3 studied the incidence of osteonecrosis in SCFE. The authors found a 58% incidence of osteonecrosis in 36 unstable SCFE and none in 204 stable slips. The osteonecrosis incidence was especially high in those that were completely or partially reduced. However, none of these hips was decompressed after fixation. Similar higher rates have been shown by others after manipulation. 22, 32, 33 The urgency to treat this injury has been previously emphasized. 2, 7, 8, 34, 35 Ischemia, however, has been demonstrated in 6 of 10 patients with unstable slips, where bone scans were performed before surgery. 36 Five out of the 6 patients developed osteonecrosis. This suggests that osteonecrosis may be caused by the original injury and not by the type of treatment. It has also been shown on magnetic resonance studies that unstable slips present with morphological distortion of the physis, bone marrow edema in both the metaphysis and epiphysis, and joint effusion in each child. 37 Kallio et al 11 found joint effusion in 7 of 8 patients with unstable SCFE who underwent ultrasound.
A recent article studied the effect on femoral head circulation by adding fluid to the adult hip capsule. 19 It was concluded that 20 mL of fluid inside the hip joint will raise the intracapsular pressure to 58 mm Hg, causing a tamponade effect and blocking circulation. Woodhouse 26 reported similar findings of femoral head necrosis in dogs by maintaining intracapsular pressures of 50 mm Hg. All of the animals that were kept at 50 mm Hg for less than 6 hours did not develop osteonecrosis, whereas all those with 50 mm Hg for more than 12 hours developed osteonecrosis. Fifty percent of those maintained with pressures of 50 mm Hg more than 6 hours presented with osteonecrosis. A similar scenario may be occurring in unstable SCFE, where hematoma formation and effusion increase hip pressure, causing a tamponade effect. 15 We observed a moderate amount of blood exiting from the incision after the capsulotomy was performed in most, but not all, hips. Our mean hip pressure was 48 mm Hg, which was higher than the diastolic blood pressure in more than 50% of the patients. On average, the unstable side pressures were twice as high as the contralateral uninvolved hip, which was statistically significant. This increased pressure may, in theory, cause a tamponade/compartment syndrome scenario, occluding the venous, arteriolar, and even the arterial vasculature. 16 However, it is uncertain when and for how long does the hip pressure actually increase after the traumatic slip and thus causing the tamponade effect, which may explain the variable rates of osteonecrosis even after decompression. Our study did not find any relationship between hip pressure measurements and timing.
Prompt reductions with added capsulotomies, and in those cases of arthrotomies for bone graft epiphysiodesis, have been shown to decrease the incidence of osteonecrosis in unstable SCFE.
2,7Y9 In the series by Gordon et al, 7 no patient who underwent reduction and arthrotomy within less than 24 hours developed osteonecrosis. Phillips et al 10 reported a series of 14 unstable SCFE that underwent urgent reduction within 6 hours from the time of insult, and none developed osteonecrosis. However, others have not found a relationship between timing and the development of osteonecrosis. 6, 31 Kennedy et al 33 reported no evidence of osteonecrosis in those who underwent bone graft epiphysiodesis or primary open reduction and resection osteotomy. Both of which require a formal arthrotomy, therefore decompressing the hip. Another variable in our study was slip severity. It has been found to correlate with increased incidence of osteonecrosis in most studies.
3,4,21Y23 However, other studies have not found such a correlation. 6, 33 Our series demonstrated that increased hip pressure was independent of the severity of the slip.
Soto-Hall et al 16 measured the hip pressure in one traumatic SCFE and found a significant increase in hip capsule pressure after reduction (58 mm Hg). However, the hip pressure prereduction was 12 mm Hg, the timing from the injury to measurement was not reported. Of those that underwent gentle manipulation in our series, the pressures were measured again before capsulotomy and were significantly higher. We found a 67% increase in hip pressure after manipulation (75 mm Hg). This increase in pressure was found to be statistically significant. Based on our findings, if reduction is attempted, it is warranted to perform a capsulotomy to decompress the hip.
One of the weaknesses of this study was that we did not perform contralateral pressure measurements in all of the patients. However, we are performing a concurrent study where we have measured the pressures on asymptomatic hips also and the values are similar to those in this study (G30 mm Hg). The hip pressures on the asymptomatic hip were taken with the hip in internal rotation, which causes the pressures to be higher. 13, 16 On the symptomatic side, pressures were taken before manipulation with the hip in external rotation and slight flexion (the comfort position) 16 as we try to avoid unwanted reduction because internal rotation and extension of the hip are the maneuvers to achieve complete to partial physeal reduction. Another weakness is the short-term follow-up of this series. This protocol was established by the lead author to elucidate which hips to decompress and how emergently the procedures should be done. This study depicts objective data regarding the decrease in hip pressures after decompression of the joint rather than subjective tactile assessment of the capsulotomy with a drill or scissors. 7 It also highlights the importance of a hip capsulotomy if gentle reduction is undertaken to reduce the significantly increased hip pressures postreduction. The authors believe that the information and results obtained may significantly change the way many orthopedists treat this condition, and hence, the short-term data seem to be justified.
In conclusion, we believe that there is a need for urgent treatment of unstable SCFE. Furthermore, capsulotomy for decompression of the hip joint is warranted and is strongly recommended. This is especially true for those who undergo reduction. In such cases, the capsulotomy may be performed even before the fixation or at least after the guide wires are inserted and before screw insertion. We believe that the best method of truly assessing capsular decompression is by measuring the intracapsular pressure after the capsulotomy. Based on our findings and review of the literature, we agree with Lubicky 21 who concluded that osteonecrosis may not be completely unavoidable. We strongly recommend that the stated rates of osteonecrosis be reminded to the parents in every preoperative and postoperative visit.
